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[57] ABSTRACT 

A corrosion reducer for use with ships having a hull, a 
propeller mounted on a propeiler shaft and extending 
through the hull, bearings supporting the shaft, at least 
one thrust bearing and one seal. The improvement in- 
cludes a current collector and a current reduction as- 
sembly for reducing the voltage between the hull and 
shaft in order to reduce corrosion due to electrolytic 
action. "The current reduction assembly includes an 
electrical contact, the current collector, and the hull. 
The current reduction assembly further includes a de- 
vice for sensing and measuring the voltage between the 
hull and the shaft and a device for applying a reverse 
voltage between the hull and the shaft so that the result- 
ing voltage differential is from 0 to 0.05 volts. The cur- 
rent reductro assembly further includes a differential 
amplifier having a voltage differential between the hull 
and the shaft The current reduction assembly further 
includes an amplifier and a power output circuit receiv- 
ing signals from ,..e differential amplifier and being 
supplied by at least one curre.it supply. The current 
selector includes a brush assembly in contact with a slip 
ring over the shaft so that its potential may be applied to 
the differential amplifier. 

10 Claims, 2 Drswing Sheets 
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invention, but show the extent of the problem and the 
NAVAL ELECTROCHEMICAL CORROSION complexity suggested by some of the solutions. 

SUMMARY OF THE jNVENTION 

STATEMENT OF GOVERNMENT INTEREST 5       Thii invention relates to a corrosion reducer for use 
T,    ■        ...      ..   .,                 .             -   .      , with a ship having a metal hull, a propeller mounted on The invention described herein may be manufactured „K    .   ,. °     .     .     ..'   *   v        "   u»cuuu 
j      JU       r     i.   /-               .ruti-jc. a propeller shaft and extending to the hull, bearings 

and used by or for the Government of the United States .„.._„      u.r. ~~A ,, i     . Z.     .u          • ««'»'8» r A       •      r                         i                     ■ u         u supporting a shaft and at least one thrust bearing and 
of America for governmental purposes without the „„. .„„i xi,. „,.«.„, ;„^.„.:„„ :„ „ „•    i         , V 
     .   .         D   ..     ,                 u     e one seal. The present invention in particular includes a payment of any royalt.es thereon or therefor. ,„ mnmt co„ector havjng e|fictrical con(act wjth ^ 

BACKGROUND OF THE INVENTION inaft- and a current reduction means which is in electri- 
T.                  .         .         ,                                    . cal contact with the current collector in the hull. The 
The present invent.on relates to manne corrosion curren, reduction means further includes a means for 

protection systems, and more particularly to apparatus sensing and measuring voltage between the hull and the 
for protecting manne propulsion thrust beanngs •' .m |3 $haft and mean$ for applying reverse voltage "between 
damage due to galvanic effects in seawater. the hu„ and the shaf, ^ that the resu|ting voltage difrer. 

Nava! vessels which are constructed with bronze ential between the hull and the shaft is from 0 to 0.03 
propellers and steel hulls or other dissimilar metals are volts and corrosion due to electrolytic action is thereby 
subject to cathodic corrosion at the hulls due to an eliminated or substantially reduced. The current reduc- 
electro-chemical reaction with their sea environment. 20 tion means includes a differential amplifier having at its 
The seawater acts as an electrolyte with the two dissim- input the voltage differential between the hull and the 
ilar metals generating a voltage between the cathodic shaft. 
propeller and anodic hull. To prevent the hull from „„„.,. ^^„„„.„^..^..       _ 
corroding, zinc plates, galvanic.lly more active in sea- BRIEF DESCRIPTION OF THE DRAWINGS 
water than steel, are contiguously »«ached to the hull 25     FIG. 1 is a cross-sectional elevation of the stern por- 
and act as sacrificial anodes which are consumed in- tion of a submarine propulsion system including a cur- 
stead of the steel. That is, the zinc gives off electrons rent collector and a current reduction means; 
which then flow through the se»w»ter, propeller and FIG. 2 is a cross-sectional view taken through section 
shaft seals, and bearings, to the hull, completing the 2—2 of FIG. 1: 
electric circuit. The current through the seals and bear- 30 FIG. 3 is a cross-sectional view taken through section 

" ings, however, continues to produce cathodic corrosion 3—3 of FIG. 2, and illustrates a section of the shaft and 
at the seals and bearings. To prevent this, a grounding the mounting for the current collector; 
device has been used, such as a grounded copper F,G- 4 is an equivalent electrical circuit of the volt- 
braided strap riding on a slip ring on the shaft, which a8w and resistances of th; shaft; 
acts as a shunt for carrying the current from the shaft 35 FIG- 5 IS a b:°ck dlagram of the current reduction 
directly to the hull. It has been found that if the voltage means: and 
differential between the shaft and the hull is maintained FIG  6 ,s an et?ulvaIen« a™' showing the current 
at less than 0.05 volts direct current (dc). there is no reduction means and the resistances of the thrust bear- 
significant current, and deterioration of the seals and ,n8- "al> and currem col,«:tion means, 
bearings is substantially obviated. *°            DESCRIPTION OF THE PREFERRED 

Operational problems, however, have continued both EMBODIMENT 
with grounding devices and with corrosion in the seals _ ,    .                    .     . 
and bearings. Measurements carried out aboard marine Referring now to the drawings wherein like charac- 
vesseis showed that shaft voltages in the order ofO. 10 to A< '"S desl8"atc llke °r corresponding parts throughout 
0.15 volts dc were not uncommon. This is because, in 45 ,he f™* 7™' K         * ^"l ™ FI°- * "* """ 
practice, the contact resistance between the shaft and £[ '« J^, 1.-«^iK^t\^ ^^ * "f 
the grounding device could not be reduced low enough J""I ll  uK?         J          ? ^"^ .„      • . ■   .u       1.       u 1      n nt     1.   J    -rv     u compartment 13 for housing machinery and crew and a 
to maintain the voltage below 0.05 volts dc. The shunt „    ';,.lk« tA ,.,u;„», „.., ,f  • .       „               .       . 

r ,          .                         .                          „ stern tube 14 which may be interna ly exposed to the 
resistance of the vanous grounding devices is normally ,n ._m._, ..,   » Lmn„ ' ,■„ ,« •     ^        . V .  ,   .     ...      . „„,   r        ...                         r 1 50 ambient sea. A bronze propeller 16 is connected for 
between 0.01 and 0.05 ohms, while a resistance of less ,„,„,;„„ „,;,u - „,«„»11., ,iT-f. t-i  . u   t.     .    j   r .__..,                .  , rotation with a propeller shaft 17 which extends for- 
than 0.001 ohms is needed. ward ,hrough stern ,ube ,4 and bulkhead n tQ a 

There have been numerous attempts to stop the cor- ,an, (not shown) wi[hin coinpartmem 13 Forc a
F
nd aft 

^^«^«fe^'y«««^»"^"'«'»-^«.^!. stern tubc tarings 18 and 19 fixed respectivd to 

No. 4,322,633 utilizes a relatively complex circuit with 5J bulkhead 12 .-.J hull struts 21, support shaft 17 in axial 
a marine transportation system to hold the parts at a alignment in me -.bmarine. A propeller shaft seal 22 on 
selected potential by supplying electrical energy from a the ;nboard side of bulkhead 12 maintains pressure in- 
direct current source through a control circuit to a tegrjty between compartments 13 and 14 preventing 
submergible anode. Because of its complexity, the pro- jngress cf seawater and egress of sealing fluid. A thrust 
tection system of the "633 patent is relatively expensive 60 bearing 23 interposed betw-en seal 22 and the power 
to produce and difficult to maintain. The disclosure of p|ant provides a bearing surface for transferring the 
the '633 patent is incorporated herein by reference. forward and reverse propulsion forces developed by 

Further attempts to reduce the electrolytic corrosion propeller 17 when rotating, 
of metal hulls of ships is illustrated in U.S. Pat. Nos. To reduce corrosion of the steel hull 11 due to gal- 
3,022.234; 3.049,479;  3,169,504; and  3,385.234, all of 65  vanic action with the bronze propeller 16 in seawater, 
which are incorporated herein by reference. All of the zinc plates 24 are contiguously attached around hull 11 
references cited herein utilize different outputs which near propeller 16 and act as sacrificial anodes. Being 
are significantly different from those of the p>~sent galvanically more active in seawater than steel, the zinc 
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plates 24 will be consumed instead. However, the pres- 
ence of the two dissimilar metals and the seawater will 
nevertheless develop a voltage between the propeller 16 
and hull 11. A dc current then flows from plates 24 
through the seawater propeller 16, and shaft 17, and 3 
through four parallel paths in stern tube bearings 18 and 
19, seal 22, and thrust bearing 23, to hull 16, resulting in 
significant electrochemical or electrolytic corrosion of 
the two latter components. To reduce the corrosive 
effect of the current through the seal 22 and thrust 10 
bearing 23, a current collector 26 is placed on shaft 17 in 
conjunction with a current reduction means 30. 

Referring to FIGS. 2 and 3, collector 26 includes a 
copper braid strap 27 stretched over a slip ring 28 on 
shaft 17 between an insulating block 25 and an inst. .t- 15 
ing spring 29, each fixed to hull structure 36. Corrosion 
is usually insignificant below 0.05 volts dc. In practice, 
however, the contact resistance between shaft 17 and 
strap 27 cannot be maintained low enough to prevent 
corrosive damage. 20 

The current distribution through a propulsion system 
with a grounding device may be illustrated with refer- 
ence to the equivalent electrical circuit of FIG. 4. The 
resistivity in the five parallel current paths between 
shaft 17 and hull 11 varies greatly from each other. 23 
Stern tube bearings 18 and 19 each have relatively high 
resistance Ru and R19. or low current, compared to the 
resistance of R«,/ of seal 22, R,r of thrust bearing 23 
when rotating, and R« of current collector 26. Conse- 
quently, most of the current passes through the latter 30 
three components, subjecting these to the most damage. 
The residual currents through stern tube bearings 18 
and 19 have no significant corrosive effect. By way of 
example, the following are typical of the orders of mag- 
nitude of values in FIG. 4: 33 

Rwe=o.om 
Rai»=lKnto lMfl 
Rflu=iKntoo.jn 
RM/=o.o5n to o.5n 
Rrr=0.005n 40 
R,»=o.o5n to o.5n 
E*,= 1 volt 
To minimize the corrosive effect of current through 

the seal 22 and bearing 23, a shaft voltage negator or 
current reduction means 30 regulates the voltage on 45 
propeller shaft 17 with respect to hull 11 to within 0.05 
volts dc. This is accomplished by sensing differential 
voltage V between hull 11 and a brush assembly 32 
electrically contacting shaft 17. Referring to FIGS. 2 

. and 3, assembly 32 includes silver graphite brushes 33 30 
urged against slip ring 28 by a spring-loading holder 34 
bolted on a horizontal channel 26 fixed to hull 11. 
Brushes 33 are electrically insulated from the support 
structure to minimize external electrical interference. 
The differential voltage of FIG. 4 is amplified for effec- 55 
lively producing a current substantially equal and oppo- 
site to the total current Irflowing through the seawater 
from the zinc plates 24 to propeller 16. FIG. 6 illustrates 
an equivalent electrical circuit, with the current reduc- 
tion means 30 as applied according to the invention. 60 
The resistances of the stern tube bearings 18 and 19 
have been disregarded in view of their high resistance 
and iow current. The difference in potential E,M sets up 
a voltage differential across the four resistances RJM, 
the resistance of the seawater, R,«/, the resistance of the 65 
seal 22, R,j, the resistance of the thrust bearing, and Rco 
the resistance of the current collector. The current 
reduction means 30 acts in a manner to effective!" re- 

duce the voltage as set forth by the different voltages of 
the metals, and thus reduce the current to zero, or near 
zero, as a practical matter. 

Referring now to FIG. 5, alternating current (ac) 
power is supplied to the current reduction means 30 
which includes an isolation transformer 38 for guarding 
against any external electrical interference. The ac out- 
put of transformer 38 is fed to a low current power 
supply 41 which regulates the power necessary to oper- 
ate the various electrical components within current 
reduction means 30. It also supplies a high current 
power supply 42 which provides power to current col- 
lector 26. The voltage difference signal A between 
brush 33 and hull 11 is sensed by a differential amplifier 
43 whose output signal B is connected througli an am- 
plifier 44 to a power output circuit 46. The input impe- 
dance of amplifier 43 is preferably high so that the 
contact resistance of brush 33 can also be high without 
affecting operation. The gains of amplifiers 43 and 44, 
preferably 20X and 3X, respectively, provide a discern- 
ible input signal C to circuit 46 whose current output 
signal D is connected across collector 26 and hull 11. 
To maintf :n a shaft-to-hull voltage difference within a 
range of 0 to 0.05 volts dc, output circuit 46 typically 
requires an output capability of 0.25 to.5.00 volts dc at 
100 amps. 

Referring now to FIG. 5, alternating current (ac) 
power is supplied to current reduction means 30- 
through an isolation transformer 38 for guarding against 
any leakage or connection from the ship's power supply 
to the hull. The input to this transformer is normally the 
ship's 115-volt 60 Hz power, but could be as high as 440 
volts if that were more convenient. The output of this 
transformer supplies the low current power supply 41 
and the high current power supply 42, and is of a volt- 
age which will normally provide a voltage of 100 volts 
at the output of the high current power supply. This is 
the preferred voltage for the semiconductors used in the 
power output circuit 46. Choice of other semiconduc- 
tors might lead to the output of the high current supply 
being as low as 30 volts, or as high as 400 volts. The 
preferred low current supply output voltage is plus and 
minus 15 volts,- but could be as low as 5 and as high as 
30 volts, depending on the semiconductor types used in 
the amplifiers 43, 44 and the power output amplifier. 
The output power of the high current power supply 
will normally be up to 500 watts, and power consumed 
by the power output amplifier in providing the current 
output through the grounding device 26. The voltage 
difference between the brush assembly 32 and the hull 
11 is sensed by differential amplifier 43, which amplifies 
this input by a preferred value of 20 times and is applied 
to a second amplifier 44 having a preferred gain of 5 
times. This output is then applied to the input of power 
amplifier 46. T^ese gain values may vary as long as the 
input to the cI.iTer^ntial amplifier of 0.05 volts will pro- 
vide the maximum required output of 5 volts at 100 
amperes from the power output circuit 46. While a 
linear »mplifier could be used for the power output 
circuit 46, the preferred form is known as a pulse-width 
modulated chopper amplifier, which in this application 
has a much higher efficiency and leads to substantial 
economies in the size and weight fjlf the high current 
power supply. In this arrangement, the voltage output 
from amplifier 44 applied to theinput of power output 
circuit 46 modulates 20 kHz carrier in current pulses, 
the width of which are proportional to the input volt- 
age. The current pulses pass through a transformer 
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having a lernte core producing output voltage on the one thrust bearing and one seal, the improvement com 
secondary winding, a voltage which, when rectified prising: 
and filtered in a manner familiar to anyone skilled in the a current collector having an electrical contact with 
f.rt, produces a smooth output current of 100 amperes at theshaft; 
a voltage up to 5 volts for an input to the differential   5 and a current reduction means which is in electrical 
amplifier 43 of 0.05 volts. This current is caused to flow contact with the current collector and the hull- 
from the current collector 26 through the output of the the current reduction means including a means 'for 
power amplifier circu.t 46 to the hull 11. This current sensing and measuring a voltage between the hull 
will cause the shaft 17 to decrease in potential, which and the shaft and means for applying a reverse 
reduces the input to the differential amplifier 43 toward 10 voltage between the hull and the shaft so that the 
zero. Ti.c balance point is reached where the output resulting voltage differential between the hull and 
voltage of the power output amplifier 46 is just sufTt- the shaft is from 0 to 0.05 volts and corrosion due 
cient to maintain the shaft 17 voltage to very near zero to electrolytic reaction is thereby eliminated or 
with respect to the hull 11. Because the voltage is nearly substantially reduced. 
zero, the current is nearly zero between the hull "id the U 2. The corrosion reducer means of claim 1-wherein 
shaft. Electrochemical corrosion is thus also redu.ed to - the current reduction means includes a differential am- 
nCfJl Z"°:      «i-ir ■        , r    « L 

plifier having M i,s inPut the volta8e differential be- In operation, differential amplifier 43 senses the volt-       tween the hull and the shaft 
age difference between brush assembly 32,and hull 11, 3. The corrosion reducer means of claim 2 wherein 
caus.ng power output circuit 4« to proportionately 20 the current reduction means further includes an amoli- 
mcrease or decrease the voltage between current col- Tier and power output circuit receiving signals from the 
lector 26 and hull 11 so that the shaft-to-hull current is differential amplifier and being supplied by at least one 
minimized. current supply. 

Some of the many advantages and novel features of 4. Tne corrosion reducer means of claim 3 wherein 
the present invention should now be apparent. For 23 the current collector includes a metal itrap in electrical 
example, an apparatus is provided which will prevent or contact with the shaft and the current reduction means 
greatly reduce cathodic corrosion in the seals and bear- S. The corrosion reducer means of claim 4 wherein 
mgs of marine propulsion systems by maintaining the the current collector further includes a conductive slio 
voltage between the propeller shaft and the hull of the ring mounted on the shaft so that it rotates with the 
vessel at nearly zero. An active electronic system is 30 shaft and k m contact with the metal strap which is 
provided in which the shaft-to-hull voltage difference is fixed at each end. 
measured and a counteracting dc voltage is applied 6. The corrosion reducer means of claim 5, wherein 
between the hull and a current collector on the shaft. the current collector further includes an electrical brush 
Cathodic corrosion of the mam shaft seal and the thrust assembly in electrical contact with the slip ring and the 
bearing of a marine propulsion system is prevented, or 35 differential amplifier in the current reduction means 
greatly reduced,  under all  operating conditions  by 7. The corrosion reducer means of claim 2 wherein • 
means of the current reduction means, which is simple the propel'.er is bronze and zinc plates are attached to 
to manufacture. instaM and operate on existing marine the hull, which is steel, so that if any electrolytic action 
Pr0Ä°,VyS,emS;-     u    K        K ,„ takes place, the zinc plates will corrode and be sacri- While the invention has been shown and described 40 ficed before the steel hull 
with respect to a particular embodiment thereof, this is 8. The corrosion reducer means of claim 2, wherein 
for the purpose of illustration rather than limitation, and the current reduction means and current collector are 
other variations and modifications of the specific =m- operatively connected and placed in proximity to the 
bodiment herein shown and described will be apparent thrust bearing and the seal to substantially reduce or 
to those skilled in the art all within the intended spirit 45 eliminate their corrosion due to electrolytic action 
and scope of the invention. Accordingly, the patent is 9. The corrosion reducer means of claim 4. wherein 
not to be limited in scope and effect to the specific the current reduction means further includes an isola- 
oS^rr,!, ,erCm • ^nbCd "0r in a"y "0n ,ransfo™« '"Paying » high current supply which other way that is inconsistent with the extent to which in turn supplies a power output circuit   the isolation 
the progress in the art has been advanced by the inven- 50 transformer further supPlying

P a low current TuppTy 
"°1„ ...      . . wnich in «urn supplies the differential amplifier, ampli' 

What is claimed is: fier. and power output circuit. 
1. A corrosion reducer for use with a ship having a 10. The corrosion reducer means of claim 7. wherem 

hull a propeller mounted on a propeller shaft and ex- the power output circuit is a pulse-width modulated 
tending through the hull, the hull and the shaft being of 55 chopper. modulated 
dissimilar metals, bearings supporting the shaft, at least »    «    .    .    . 

60 

65 


